transcript is encoded as the size of the point, and no amplification bias towards low-GC transcripts is seen. Amplification is linear over 6 orders of magnitude, which is consistent with previous scRNAseq studies. D) Noise profile of RNA-sequencing data for the D1 neurons. Variance of expression is plotted on the y-axis and mean expression on the x-axis.
Housekeeping genes, labeled in red, are detected with very low cell-cell noise over a range of mean expression values, indicating the reliability of scRNAseq.
Many highly variable genes shown in black are detected by rPCA as correlating to a continuous gradient within D1 neurons (Fig. 3 and Supp Fig. 5 ).
E) Saturation curves generated by subsampling the mm10 reads of cells to the depth on the x-axis and counting the number of genes detected with at least 10 reads. 500,000 mm10-aligning reads are sufficient to detect nearly all of the genes expressed by single cells, similar to previous reports (Treutlein et al., 2014) . This establishes neurons as expressing by far the most genes of the sampled brain cell types. Each point represents the average and SEM of the number of genes per cell, where each cell is subsampled by randomly selecting reads from the pool of reads that aligned to the mm10 exome.
F) The number of genes per cell by the sequencing depth of each cell shows no relationship of genes detected to read depth for cells with between 3 x 10 5 and 3
x 10 6 aligning to the mm10. Exact test. The value of the x-axis was generated by summing over all the junction counts for every single cell sample, and the y-axis by summing over the junction counts of every bulk RNA tube control, and log 10 MVF calculated as
, where c miv and c mav are the number of counts of the minor and major variant, respectively. The MVF of the splice sites we analyzed in single cells correlates highly with bulk RNAseq results.
Supplementary Table 1. List of all 27 experiments, Related to Figure 1
The experimental method and number cells of each cell type are shown for 27 experiments.
Supplementary Table 2. Top 50 Cell-Type Specific Genes, Related to Figure 1
Cell type-specific genes were generated as describe in the Supplementary
Methods. The p-value is the unadjusted p-value of Spearman correlation to the corresponding cell type.
Supplementary Table 3. Gene Ontology (GO) Enrichment of Striatal Cell
Type-Specific Genes, Related to Figure 1 Each set of 50 cell type-specific genes was analyzed with default settings for biological process, cellular component, and molecular function at geneontology.org [ref] . Bonferroni-adjusted p-values of enrichment are shown in the last column. The default mouse gene background was used.
Supplementary Table 4. Summary of Gene Expression by Cell Type,

Related to Figure 1
Mean, variance and fano factor (variance normalized to the mean) was calculated for each gene across the cells of a given type. Further, we calculated for each gene the fraction of cells of a given cell type that expressed the gene higher than log 2 (TPM) = 1 ("fraction expressed"). This table can be used to examine the specificity of genes to be expressed in a given cell type in the striatum. Most cell-type specific genes have a fraction expressed of almost 1 for one cell type and of nearly 0 for all other cell types.
Supplementary Table 5 . Genes correlating specifically with MSN subtypes,
Related to Figure 2 and 3
MSN type-specific genes were generated as describe in the Supplementary
Given Type, Related to Figure 5
List of cell type specific TFs identified by correlation analysis (Spearman correlation coefficient >0.5) (see Supplemental Experimental Procedures).
Supplementary Table 7. Differentially expressed Splice sites, Related to Figure 7
The list of alternative spliced sites that are differentially spliced (p<10 -5 ) in one or more of the cell types and their start site. For each splice site, the number of single cells expressing only major or only minor or both versions of the splice variants shown.
Supplementary Methods
Animals
Generation of D1-tdTom/D2-GFP, D1-tomato, and Aldhl1-GFP BAC reporter mice was previously described (Heintz, 2004; Shuen et al., 2008) . All lines were maintained by backcrossing to C57Bl/6J. All other experiments were conducted on 5-7 week old male C57/Bl6 mice from Jackson Labs. Mice were weaned at ~21 days of age and housed in groups of 2-5 on a 12-hour light/dark cycle (lights on 0700-1900h), with free access to food. All procedures conformed to the
National Institutes of Health Guidelines for the Care and Use of Laboratory
Animals and were approved by the Stanford University Administrative Panel on Laboratory Animal Care.
Tissue Dissociation
Parasagittal slices (350 µm) containing striatum were prepared using standard procedures. Briefly, mice were anesthetized with isoflurane and decapitated, brains were quickly removed and placed in ice-cold low-sodium/high-sucrose dissecting solution. Slices were cut by adhering the lateral surface of the brain to the stage of a Leica vibroslicer, and placed in ice-cold hibernate-A solution (Gibco, Themo Fisher). The striatum was dissected from each slice, and the tissue was dissociated using papain-based dissociation. Briefly, striatal tissue was incubated with frequent agitation at 30°C for 20 min 2mg/ml papain solution in Hibernate-A, followed by washing with hibernate-A including 1mg/ml
Ovomucoid protease inhibitor (Sigma). The striatal slices were triturated briefly using fire polished glass Pasteur pipettes until a single-cell suspension was obtained. The suspension was cleaned from small debris by centrifuging for 3 min at 450g through a three-step density gradient of Percoll (Sigma), top layer containing small debris was discarded and remaining cells were pelleted for 5 min at 550g. The pellet was resuspended in 0.1 ml of hibernate A with DAPI (4',6-diamidino-2-phenylindole, 1:4000 dilution; Sigma) to label dead cells (Guezbarber et al., 2012) . Striatal tissue was kept in ice-cold solution throughout the processing until loading onto the microfluidic chip, except during the 20 min dissociation with papain at 30°C.
Purification of Striatal Cells by MACS.
Live striatal cells were purified by MACS from cell debris and dead cells using the Dead Cell Removal Kit (Miltenyi Biotec) in accordance with the protocol provided by the vendor. Before loading, the single-cell suspension was passed through a 35-µm cell strainer (BD Biosciences).
Purification of Striatal Cells by FACS.
The dissociated cell suspension from adult D1-tdTom/D2-GFP or Aldhl1-GFP mouse was passed through a 70-µm cell strainer (BD Biosciences). Viable cells (DAPI negative) were sorted by FACS (Aria II; BD Biosciences). For specific enrichment of genetically labeled cell types, wild type and fluorescent striatal cells were analyzed to determine optimal parameters and gating for FACS.
Finally, test sorted cells were imaged on confocal microscope ( Figure S3D ). Cells were sorted into ice-cold hibernate-A and pelleted by centrifugation for 5 min at 300g. For the Smart-seq2 protocol (FACS-scRNAseq) (Picelli et al., 2013) , Single cells were sorted into 96 well plates filled with 4 µl lysis buffer composed of 0.05% Triton X-100 (Sigma) and, ERCC spike-ins (1:24000000 dilution), 2.5 µM oligo-dT, 2.5 mM dNTP and 2U/µl of RNase inhibitor (Clontech) then spun down and frozen at -80°C. Plates were thawed and libraries prepared as described below.
Capturing of Single Cells and Preparation of cDNA.
Single striatal cells were captured on medium sized (10-17µm cell diameter) mRNA-seq or STA microfluidic chips (Fluidigm) using the Fluidigm C1 system. Fallowed by Ampure XP PCR Purification (Beckman Coulter) using the protocol supplied by Fluidigm.
RNA-seq Library Construction and DNA Sequencing.
The quality of single-cell cDNA was assessed on a capillary electrophoresisbased fragment analyser (Advanced Analytical) by analyzing size distribution and concentration. Illumina libraries were constructed in 96 or 384-well plates using the Illumina Nextera XT DNA Sample Preparation kit as described previously (Treutlein et al., 2014) using the protocol supplied by Fluidigm. Libraries were quantified by Agilent Bio-analyzer, using the High Sensitivity DNA analysis kit, and also fluorometrically using Qubit's DNA HS assay kits and a Qubit 2.0
Fluorometer (Invitrogen, LifeTechnologies). Single-cell Nextera XT (Illumina) libraries of each of the 27 independent experiments were pooled and sequenced 2x75 reads base pairs (bp) paired-end on Illumina HiSeq 2000 or NextSeq to a depth of 1x10 6 -5x10 6 reads/sample as previously described (Treutlein et al., 2014) .
Processing, Analysis and Graphic Display of Single-cell RNA-seq Data.
Raw reads were aligned using rnaSTAR (Dobin and Gingeras, 2002) Figure S1C ), which indicates similar performance to pervious report (Treutlein et al., 2014) .
In order to confirm that our sequencing depth was sufficient to detect most genes expressed by single cells, saturation analysis was done by subsampling the mm10-aligned reads of all cells and counting at each depth the number of genes detected with at least 10 reads. This analysis showed that for all striatal cell types 5x10 5 reads are sufficient to detect nearly all of the genes expressed ( Figure   S1C ). Moreover, there was no correlation between the number of genes per cell and the sequencing depth of each cell ( Figure S1E ). Technical noise and biological variation in scRNA-seq were visualized in D1 cells by plotting the relationship between mean expression level and variance of expression of each gene ( Figure S1D ). Housekeeping genes are detected with very low cell-cell noise over a range of mean expression values, indicating the reliability of scRNAseq and low technical noise.
Identification of Major Cell Types by tSNE and Density-Based Clustering
Custom R scripts were used to identify the major cell types using tSNE. First, cell-cell distances were calculated using expression values weighted by the scde noise-reduction algorithm (scde::mode.fail.dist) (Kharchenko et al). We applied 2-dimension tSNE (van der Maaten L, 2008) using the Kharchenko cell-cell distances to map cells onto 2 dimensions for visualization and clustering. We used density-based clustering (DBSCAN) to cluster cells based on their proximity to a cluster of cells in tSNE space (cells are colored by cluster in Figure 1B ).
Each cell cluster was assigned an identity by its unique expression of one of 10 marker genes. DBSCAN also identified outliers that were not close to any cluster (21 cells), and those were removed from further analysis. Cell type-specific genes were identified by calculating the Spearman correlation and p-value of all genes' expression values to each cluster. The top 50 correlated genes per cell cluster were selected by the lowest p-values and displayed on a heatmap. Cells were ordered by cluster ( Figure 1E ). GO analysis of cell type-specific genes was performed with default settings at geneontology.org with a cutoff of adjusted pvalue < 0.05.
Pairwise Correlation Analysis to Identify Discrete Subtypes
Custom R functions were developed to identify subtypes of the major cell type.
First, the pairwise Spearman correlations of all genes across a cell type were computed. Genes were selected if they had a correlation of greater than 0.6 to at least one other gene and less than -0.6 to at least one gene. Pairwise correlations of these genes were visualized using a heatmap with rows and columns ordered by hierarchical clustering (Euclidean distance, Ward method).
We defined an "interconnected" set of genes as two clusters of genes where each cluster has at least 4 genes, each having a correlation of at least 0.6 to another gene in that cluster and an anticorrelation of at least -0.6 to a gene in the other cluster. If we identified an interconnected set of genes within that cell types, rPCA (rrcov::PcaHubert) reference was performed using those genes. 
Cell-type Specific Transcription and Splice Factors
To search for cell type specific transcriptional regulators, splice factors and genes of other gene categories, we defined a "perfect marker gene" for each 
Summary of Transcriptome Data by Cell Type
To summarize the expression of each gene per cell type, we calculated for all cells of a given cell type the mean log 2 (TPM), the variance of log 2 (TPM) and the Fano factor (variance divided by the mean). Further, we calculated for each gene the fraction of cells of a given cell type that expressed the gene higher than log 2 (TPM) = 1.
Primary striatal cultures, Virus Generation and Q-PCR analysis
Dissociated primary striatal cultures were prepared from ganglionic eminences of E16 mice embryos as described in (Gokce et al., 2009) . Cultures were infected with Sp9 expressing or empty lentivirus at DIV1. RNA was collected from striatal cultures at DIV 13 and analyzed for expression of D1-and D2-MSN markers by real-time PCR.
To generate the lentiviral vector, Sp9 codon optimized for in-vitro synthesis then cloned into the FSW lentiviral vector by Gibson assembly (NewEngland Biolabs). Tac1  GCCCATTAATCCAAAGAACTGC  AGAGAATCGCCCGAAGACCCAAG  GACAGTGACCAGATCAAGGAG   NLGN1  GGTTGGGTTTGGTATGGATGA  TGAGGAACTGGTTGATTTGGGTCAC  C  GATGTTGAGTGCAGTAGTAATGAC   Gabbr1  CTCCGATCCACTTGTCTGTT  TCTTGTAGCTGCCGCCCTGTAG  ATGGCATGGACGCTTATCG   SlitTrks5  GGTCCTGTTCCAAAGTTACTGG  ACGTGCATTTTACCTCTGTTCCCAT  CT  TGGGTCGGAGAAAGTTGC   LRRTM2  GGCCACTTGAAATGTAAGCC  TGCAGCCTCCAATGTGCTCAGAA  CACTGCGTTGAGTCTGACAA   LRRTM3  CATATGCCAGAAAGGTTGACAC  AGGCTCCAGGGAATGTGAGATACC  T  GAGATGCTGCTGAACGGAA 
